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0. FOREWORD 

0.1 This Indian Standard ( First Revision) was adopted by the Indian 
Standards Institution on 30 April 1984, after the draft finalized by the 
Power Cables Sectional Committer had been approved by the 
Eiectrotecbnical Division Council. 

0.2 This standard was first prepared in 1976 to cover the requirements for 
copper and aluminium conductors appearing in various Indian Standards for 
electric cables and cords, i he present revision has been undertaken to 
align with international developments as far as practicable. 

0.3 Opportunity has also been utilised to take account of experience and 
developments since the standard was initially published and to simplify 
the standard so far as is compatible with technical and economic 
considerations. 

0.4 In addition to the quality of material used, the important features of a 
conductor arc its maximum resistance and degree of flexibility and in this 
standard control is effected by Specifying the minimum number of wires or 
maximum diameter of wires and the maximum resistance. 

0.5 In this standard, the conductors are divided into different cteses, the 
flexibility of the conductor increasing with the class number. The number 
of classes of conductor has been reduced to four. There are two classes of 
conductors for cables for fixed installations; class 1 is for solid conductors 
only and class 2 for stranded conductors. For flexible conductors also 
there arc two classes; as these correspond closely with classes 5 and 6 of 
the previous edition, those class numbers have been retained to preserve 
continuity and avoid any confusion. Classes 3 and 4 have been omitted, 
since they have had relatively little use and classes 2 and 5 respectively are 
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considered suitable for most of the applications for which classes 3 and 4 
had been employed. 

0.6 In this revision, the number of different specified maximum resistance 
values for different types of conductor oi the .same nominal 
cross-sectioi/jil area have been reduced as follows: 

a) For classes 1 and 2, conductors of the same material and same 
nominal cross-sectional area have the same specified maximum 
resi'-tance for both classes and for both single and multicore 
cables and whether the conductors are circular or compacted 
circular or shaped. However, to avoid too large divergences from 
previous values, the differences in specified resistances between 
plain and tinned copper conductors have been retained. 

b) Also in these two classes, the specified maximum resistance of 
each nominal cross-sectional area of aluminium conductor in 
the range up to and including 10 mm^ is the same as for the 
next smaller standard size of copper conductor. The object of 
this is to provide equivalent of resistance between the small 
sizes of wiring cables with copper and aluminium conductors. 
For 16 mnV'^ and above, separate resistances are retained between 
copper and aluminium conductors. 

c) The resistance values chosen for classes 1 and 2 are those which 
were specified for class 2 in the previous edition for multicore 
cables for the nominal cross-sectional areas from 2*5 mm" up to 
and including 400 mm- and for the single core cables for the 
nominal cross-sectional areas above 400 mm-. For the sizes up 
to rs mm^, for which the difference between the resistances of 
class 1 and class 2 conductors in the previous edition were larger 
than for the other sizes, the lower values specified for class 1 in 
the previous edition for multicore cables have been adopted, in 
order to avoid any large increase in resistance values. 

d) For flexible copper conductors of classes 5 and 6, the resistance 
values are the same and correspond to the resistance values for 
multicore cables specified in the previous edition for class 5, the 
difference between plain and tinned conductors again being 
retained. 

0.7 In this revision, flexible aluminium conductors for welding cables have 
also been included. 
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0.8 As a result of the simplification achieved by combining resistances of 
single-and multicore cables and different forms of conductor into common 
resistance values, the method of calculation of resistances included in the 
previous edition is no longer strictly applicable and is now omitted. Also 
the details about methods^of various tests have been taken out from this 
standard and are now covered in a separate standard, to which reference 
has been made at appropriate places. 

0-9 While preparing this standard, assistance has been derived from lEC 
Pub 228 ( 1978 ) 'Conductors of insulated cables' issued bv the International 
Elcctrotechnical Commission ( lEC ). 

0.10 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, express- 
ing the result of a test, shall be rounded off in accordance with 
IS : 2 » I960*. The number of significant places retained in the rounded 
off value should be the same as that of the specified value in this 
standard. 



1. SCOPE 

1.1 This standard specifics the properties and construction of copper and 
aluminium conductors for insulated electric cables and flexible cords= 

1.2 This standard does not apply to: 

a) conductors ft>r use in coils of machines or apparatus; 

b) conductors without insulation, for use in aerial lines; 

c) conductors for telecommunication purposes; and 

d) conductors of special design, for example, hollow-core 
conductors. 

2. TERMINOLOGY 

2.1 For the purpose of this standard, the definitions given in IS : 1885 
( Part 32 )-1971t shall apply. 



♦Rules for rounding of numerical values ( revised). 

tElcctrotcchnical vocabulary : Part 32 Cahles. conductors and flccc«ori«i for 
electricity supply. 
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3- MATERIAL 

3.1 Ainminfum — The material for conductor shall consist of plain 
aluminium. It shall be of one of the following grades with the correspond- 
ing tensile strength L nits : 

Grade Tensile Strength 

N/mm^ 

Up to and including 100 

H2 Above 100 ar'^ up to and including 150 

H4 Above 150 

3.1.1 a) For shaped solid conductors and the welding cable conductors, 

only grade aluminium shall be used; 

b) For conductors of cross-sectional area up to and including 
10 mmS H2 or H4 grade aluminium shall be used; and 

c) For the remaining conductors, aluminium of 0, H2 or H4 

grade may be used. 

3.2 Copper — The conductors shall be made from high conductivity 
copper rods complying with IS : 613-1964*. The conductors shall consist 
pf tinned pr untinned annealed copper as may be specified. 

3.3 Form of Conductor — The conductors shall be solid, circular, shaped, 
compacted, stranded or bunched as required b> the appropriate cable 
specification. The conductor shall be clean, reasonably uniform in size 
and shape, smooth and free from harmful defects. 

3*4 Joints in Conductor 

3.4.1 Stranded Conductors — Joints shall be permitted in the individual 
wires of which the conductor is formed, but no joint shall be within 
300 mm of any other joint within the same layer. The joints shall be made 
by resistance butt welding, fusion welding, cold pressure welding, electric 
welding, gas welding, brazing or silver soldering. 

3.4.2 Solid Conductors ( Aluminium Conductors Only ) — No joints shall 
be made in the finished solid conductor. 



•Specification for cop^r rods for elsctricai pixfyoses ( reffswi). 

6 
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4. CLASSIFICATION 

4.1 In this standard, the conductors have been divided into four classes as 
follows: 

a) Cables for Sxcd installations Classes 1 and 2 

b) The flcxibles Classes 5 and 6 

c) Copper welding cables Class 6 

4.2 Aluminium conductors for welding cables have not been assigned any 
class number. 

5- CONSTRUCTION 

5.1 Solid Conductor ( Class 1 ) 

5.1.1 The conductor shall consist of single wire of plain or tinned 
auncaled copper or plain aluminium in accordance with Table 1. 

5.1.2 Solid copper conductor shall !>e of circular cross-section. 

5.1.3 Solid aluminium conductor of sizes from 15 mm^ up to and 
including 16 mm- shall be of circular cross-section. Sizes 25 mm^ and 
above may be of either circular or shaped cross-section. 

5.2 Stranded Circular Non-Compacted Conductors ( Class 2 ) 

5.2.1 Conductor shall consist of plain or tinned annealed copper or 
plain aluminium. 

5.2.2 The wires in the conductor shall have the same nominal diameter 
before stranding. 

5.2J The number of wires in the conductor shall be not less than the 
appropriatie minimum number given in TabJe 2. 

53 Stranded Compacted Circular Condictors and Shaped Conductors 
( Oass 2 ) 

5.3.1 Conductor shall consist of plain or tinned annealed copper or plain 
alluminium. 

5J.2 The ratio of the diameters of two wires before stranding in the 
same conductor shall not exceed 2. 
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,53.3 The number of wires in the conductor shall b« not let* than 
appropriate minimum number given in Table 2. 

5.4 Flexible Conductors ( Classes 5 and 6 ) 

5.44 Conductor shall consist of plain or tinned annealed copper. 

5.4.2 The wires in the conductor shall have same nominal diameter 

before bunching. 

5.4.3 The diameter of the wires in any conductor shall not exceed the 
appropriate maximum value given in Table 3 for Class 5 and Table 4 for 
Class 6 conductors. 

5.5 Fll^le Aluminium Conductors for Welding Cablet 

5.5.1 Conductor shall consist of plain aluminium. 

5.5^2 The wires in the conductor shall have same nominal diameter 
before stranding. 

5.5.3 The diameter of wires in any conductor shall not exceed the 

appropriate maximum >alue given in Table 5. 

6. TESTS 

6.1 Tests for Copper Coadactors 

6.1.1 Persulphate Test ( For Tinned Copper Only )— This test shall be 
carried out in accordance with Method B given in IS : 10810 ( Part 4 )- 
1984*. The mass of copper dissolved shall not exceed the appropriate value 
given below; 

Wire Diameter Permissible Mass of Copper 

Dissolved, Max 
mm g/m* 

Up to and including 0'41 5 

Above 0*41 3 



•Methods of test for cables: Part 4 Persulphate t^t of conductor. 

8 
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6.1.2 Annealing Test 

6.1. 2.t Before stranding — This test shall be carried out in accordance 
with IS : 10810 ( Part 1 ) - 1984*. The elongation shall be not less than 
the appropriate value given below: 

Wire Diameter Elongation^ Min 



Over Up to and 

Including 
mm mm Percent 

— 0'21 9*0 

0"21 0-41 13-5 

0'41 1-36 180 

1-36 — 22*5 

6.1.2.2 After stranding — ( Under consideration ). 
6«2 Tests for Aliiminmm Conductors 

6.2.1 Tensile Test — This test shall be carried out in accordance with 
IS : 10810 ( Part 2 )-1984t. The sample shall meet the following require- 
ments: 

a) Before stranding — The tensile strength of any of the wires shall 
comply with the values given in 3*1* 

b) After stranding — The tensile strength of any of the wires shall 
be not less than 95 percent of the minimum values given in 3*1. 

Note — This test for wires taken from stranded conductors is not applicable in 
the case of compacted circular conductors or shaped conductors. 

6.2.2 Wrapping Test — This test shall be done in accordance with 
IS : 10810 ( Part 3 )-1984t. The criteria for passing is that the wire shall 
not break. 

NoTi — Thii test is not applicable to: 

a) shaped solid conductors, 

b) wires taken from stranded oonducton in case of crnnpacted ctrcular or 
shaped conductors, and 

c) wires used for welding cable conductors. 



•Methods of test for cables: Part 1 Annealing test for wires. 
tMetfaods of test for cables: Part 2 Tensile test for alunsininm wires, 
{Methods cf test for cables: Part 3 Wrapping test for ahsmlnhsa wir^. 
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6.2.3 Annealing Test — This test is applicable to shaped solid conductor 
and wires of conductor ( before stranding ) for welding cables only. The 
test shall be carried out in accordance with IS : 10810 (Parti )-1984* 
Shaped solid conductors shall have a minimam of 25 percent and wires of 
conductor for welding cables shall have a minimum of 12 percent 
elongation. 

6.3 Resistance Test ( For Both Copper and Aluminium ) — This test shall be 

done on the finished conductors in accordance with IS : 10810 ( Part 5 )- 
1984t. The dc resistance of the conductor shall be measured at room 
temperature and corrected to 20°C by means of the appropriate factors 
given in Table 6. 

63»l The corrected dc resistance shall not exceed the values give inn th^ 
appropriate tables. 

7. PACKING AND MARKING 

7.1 The conductor shall cither be wound on reels or drums or supplied in 
coils packed and labelled. The label shall contain the name of the 
manufacturer; trade-name, if any ; size and length of the conductor. 

7.2 BIS Certification Marking 

The product may also be marked with Standard Mark. 

7:2,1 The use of the Standard Mark is governed by the provisions of Bureau of 
Indian Standards Act, 1986 and the Rules and Regulations made thereunder. 
The details of conditions under which the licence for the use of Standard Mark 
may be granted to manufacturers or producers may be obtained from the Bureau 
of Indian Standards. 



Note — The roquirements of packing and marking are not applicable when the 
processing of the conductor forms part of the manufacturing of complete cable. 



7^ 



♦Methods of test for cables: Part 1 Annealing test wires. 
tMethods of test for cables: Part 5 Conductor resistance tes^. 
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TABLE 1 SOUD CONDUCTORS FOR SINGLE-CORE AND MULTICORE 

CABLES, CLASS I 



(aausgs5.tAanJ6.3A ) 



Nominal Cross- 
Sectional Area 


Maximum Resistanci or 


Conductor At 20*0 


Circular Copper ConductoK 
Plain Tinned 


Aluminium Conducto*^ 
Circular or Shaped 


mm* 


ohm/km 


ohm/km 


ohm/km 


0-5 


360 


36-7 


— 


0*75 


24-5 


24-8 


— 


1 


181 


18-2 


— 


1-5 


121 


12-2 


irit 


25 


7-41 


756 


121 1 


4 


4-61 


4-70 


7*41 1 


6 


30S 


311 


4 61 1 


10 


1-83 


1-84 


3-08 t 


16 


115 


116 


1-91 t 


25 


0'727» 


— 


1*20 


35 


0524* 


-_ 


0-868 


50 


0387* 


— 


641 


70 


0-268* 


— 


0-443 


95 


0193« 


— 


0-320 


120 


0153* 


— 


0-253 


150 


0124* 


— 


0-206 


1S5 


— 


— 


0164 


240 


— 


— 


0125 


300 


— 


«.' 


0-100 



«The solid coppar oondoctors having nominal erosa-aeerional araasof25nun*a&d 
above are intended for particular types of cables only and not for general purpose. 
tAluminium conductors 1-5 mm* to 16 mm* circular only. 
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TABLB 2 


STRANDED CONDUCTORS FOR SINGLB-CORS AND MULTI-GORE CABLES, 


CLASS 2 








(Ctos«f 5.2.3, 


5.3.3 am/ 6.3.1) 






Nominal Cross- 




Minimum Number of Wires In thi 


MAxmuM Resistance of Conductor 


Sbgtional Area 




Conductor 






at20''C 






Circalar Conductor Circular Compact- 


Copper Conductor 


Aluminium 




( Non-compacted ) ed 


or Shaped 






Conductor 






Conductor 


Plain 


Tinned 












Wins 


Wires 




mm* 




JL. 


A 








Ca AI Cu 


AI 


ohm/km 


ohm/km 


ohm/km 


1 


3 


_ —, 


— 


181 


18 2 


— 


15 


3 


3 — 


_ 


121 


122 


18 1 


2-5 


3 


3 — 


~. 


7-41 


7-56 


121 


4 


7 


3 - 


— 


4-61 


470 


741 


6 


7 


3 — 


«_ 


308 


311 


4-61 


10 


7 


7 6 


-,. 


1-83 


1-84 


308 


16 


7 


7 6 


6 


M5 


M6 


1-91 


25 


7 


7 6 


6 


a-727 


0-734 


120 


35 


7 


7 6 


6 


0*524 


0-529 


0-868 


50 


19 


19 6 


6 


0-387 


0-391 


0641 


70 


19 


19 12 


12 


0-268 


0-270 


0443 


95 


19 


19 15 


15 


0193 


0195 


0320 


120 


37 


37 18 


15 


0153 


0154 


0253 


150 


37 


37 18 


15 


0-124 


0126 


0206 


185 


37 


37 30 


30 


00991 


0100 


0164 


240 


61 


37 34 


30 


075 4 


076 2 


125 


300 


61 


61 34 


30 


0601 


060 7 


0100 


400 


61 


61 53 


53 


047 


047 5 


0.077 8 


500 


61 


61 53 


53 


0-036 6 


036 9 


060 5 


630 


91 


91 53 


53 


0028 3 


028 6 


046 9 


800 


91 


91 53 


53 


022 1 


022 4 


036 7 


1000 


91 


91 53 


53 


0017 6 


017 7 


0-0291 



CO 
I 

i 
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TABLE 3 FLEXIBLE COPPER CONDI CTORS FOR SINGLE-CORE 
AND MULTICORE CABLES, CLASS 5 

CClauses 5,4.3 and 6,3A ) 



Nominal Cross- 
Sectional Area 


Maximum Diameter 
OF Wires in 
Conductor 


Maximum Resistance 
AT 20^C 


of Conductor 

r 




Plain Wires 




Tinned Wires 


mm* 


mra 


ohm/km 




ohna/km 


0-5 


0-21 


390 




40-1 


0^75 


0'2i 


260 




26v 


J 


0-21 


19-5 




200 


1-5 


0-26 


13-3 




13-7 


2-5 


0-26 


7-98 




8-21 


4 


0-31 


4-95 




5-09 


6 


0-31 


3*30 




3-39 


10 


0-41 


1-91 




1-95 


16 


041 


121 




1-24 


25 


0-41 


0780 




0-795 


35 


0-41 


0-554 




0-565 


50 


0-41 


0-386 




0-393 


70 


051 


0-272 




0-277 


95 


0*51 


0-206 




0210 


120 


0*51 


0-161 




0-164 


150 


0*51 


0129 




0132 


^S5 


0-51 


0106 




0108 


240 


0-51 


0080 1 




0081 7 


300 


0*51 


0*0641 




0-065 4 


400 


051 


0-0486 




0049 5 


500 


0-61 


0-038 4 




0-0391 


630 


0-61 


0028 7 




0029 2 
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TABLE 4 FLEXIBLE COPPER CONBl CI ORS FOR SINGLE-CORE 
AND MULTI-CORE CABLES, CLASS 6 



(C/fltfw 5-4.3 o/;^ 6.3.1) 



Nominal Cross- 

SBCTIONAL AR£A 


Maximum Diameter 
OF Wires in 

CONOUCTOR 


Maximum Resistance of Conouctor 
At 20°C 




PiaiD Wires 




Tinned Wiies 


mni* 


mm 


ohm/km 




ohm/km 


0-5 


016 


390 




40-1 


0-75 


016 


260 




26-7 


1 


016 


19-5 




200 


1-5 


016 


13-3 




13-7 


2-5 


016 


7-98 




8-21 


4 


016 


495 




5-09 


6 


0-21 


3-30 




3-39 


10 


021 


1-91 




1-95 


16 


021 


1-21 




1-24 


25 


021 


0*7«0 




0-795 


35 


0-21 


0-554 




0-565 


50 


0-31 


0-386 




0-393 


70 


0-31 


0-272 




0-277 


95 


0-31 


0206 




0-210 


120 


0-31 


0161 




0164 


150 


0-31 


0129 




0-132 


185 


0-41 


0106 




0108 


240 


041 


0-080 1 




0-081 7 


300 


41 


0641 




065 4 



TABLE 5 FLEXIBLE ALUMINIUM CONDLCTORS FOR WELDING CAbLES 

(C/flw« 5.5.3 aiw/ 6.3.1) 



Nominal Cross- 


Maximum Diameter of 


Maximum Resistance 


Sktional Arba 


Wires 


IN Conductor 


OF Conductor At 20*C 


mm* 




mm 


ohro/km 


25 




031 


1-23 


35 




0-31 


0-901 


50 




031 


0-634 


*70 




031 


0445 


?5 




0-31 


0334 


120 




0-31 


0256 
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TABLE 6 TEMPERATURE CORRECTION FACTORS kt FOR CONDUCTOR 
RESISTANCE TO CORRECT THE MEASLRED RESISTANCE AT /**€ TO ZO^'C 




(Clause 6,3) 




Temperature of 
Conductor at 
Time of Measure- 


Correction 
Factor 


Temperature of 

CONUUCiOR AT 

Time of Measure- 


CORRECnON 

Factor* 


ment 




ment 




("C 


kt 


rc 


^t 


5 


1064 


28 


0-969 


6 


1059 


29 


0-965 


7 


1055 


30 


0-962 


8 


1050 


.31 


0-958 


9 


1046 


32 


0-954 


10 


1-042 


33 


0-951 


11 


1*037 


34 


0-947 


12 


1033 


35 


0-943 


13 


1029 


36 


0-940 


14 


J '025 


37 


0-936 


15 


1-020 


38 


0-933 


16 


roi6 


39 


0-929 


17 


1*012 


40 


0-926 


18 


1-008 


41 


0.923 


19 


1-004 


42 


0-919 


20 


1000 


45 


0916 


21 


0-996 


44 


0-912 


22 


0*992 


45 


0909 


23 


0-988 


46 


0-906 


24 


0-984 


47 


0*903 


25 


0*9^0 


48 


0-899 


26 


0-9-7 


49 


0-896 


27 


0973 


50 


0*893 



t. J- baged on resistance-temperature co-cflRcient of 0004 per •€ at 20*C usis* 
following formula : 



I 

1 + 0004 ( r — 20 ) 



250 



230 -f i 
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( Continued from poffe 2 ) 
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Shri S. V. Upasani ( Alternate ) 
Shri R. K. Sehoal Bombay Suburban Electric Supply Ltd, Bombay 

Shri S. P. Karkaria ( Alternate ) 
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